ABSTRACT Little research investigates whether sleep mediates the adverse effect of perceived discrimination on health and even less is known about whether sleep quality and sleep duration mediate the relationships in the same fashion. We applied a recently developed mediation analysis approach to a survey administered in 2008 in Philadelphia, PA, that includes 9042 adults. Health was measured with self-rated health, stress, and mental illness. Perceived discrimination was operationalized with self-reported discriminatory experience in two social contexts, namely health care system and housing market. Sleep quality and duration were measured with a five-point Likert scale and the self-reported sleep time at night, respectively. After controlling for one's demographic, socioeconomic, and health-related characteristics, the mediation analysis quantified how much sleep quality and duration can account for the effect of perceived discrimination on these health outcomes. The key findings are: (a) sleep quality and duration accounted for approximately 15 to 25 % of the adverse effect of perceived discrimination. (b) Sleep quality is more important than sleep duration in mediating the relationship between perceived discrimination and health. (c) The proportion of the effect mediated by sleep differs by the social context where perceived discrimination occurred. It was confirmed that sleep mediates the relationship between perceived discrimination and health and the interventions to improve sleep, particularly sleep quality, should help to attenuate the effect of perceived discrimination on health.
INTRODUCTION
Discrimination refers to the unfair treatment an individual receives or perceives due to his/her personal characteristics, such as race/ethnicity, age, gender, sexual orientation, nationality, socioeconomic, and health status. 1, 2 Discrimination may occur in different social contexts (e.g., housing markets and health care systems) 3 and social structure levels (e.g., institutional and interpersonal discrimination). 4 While, in contrast to five decades ago, acts of discrimination have been less visible and less common, discrimination remains a public concern and health researchers have found that an individual's perceived discriminatory experience affects health outcomes. [3] [4] [5] [6] One major explanation for the effect of perceived discrimination on health is drawn from social stress theory 7 and treats the perceived discriminatory experience as a social stressor, which may trigger both psychosocial and physiological reactions and then lead to compromised health. 8 More recently, a growing interest is focused on expanding the knowledge of Bhow^perceived discrimination gets under the skin by identifying the potential mechanisms from discrimination to health. [9] [10] [11] It should be noted that perceived discrimination may not correctly reflect actual discrimination because individuals may misinterpret or misunderstand the discriminatory events. However, perceived discrimination itself carries important implications, 3 and whether individuals report discriminatory experience depends on one's socioeconomic status and demographics. 12 That is, even when an actual discrimination event occurs, not all individuals may perceive discrimination. The subjective feeling of being discriminated against remains crucial and has been found to affect one's health. 1 Investigating the pathways linking perceived discrimination and health provides insights into intervention studies that aim to minimize the adverse impacts of perceived discrimination on health.
A recent study reviewed 17 articles published between 1971 and 2014 that directly investigated the associations between health and various characteristics of sleep, such as sleep quality and duration. 13 The authors suggested that Bfurther research is needed to evaluate sleep as a mechanism linking discrimination to poorer health^(p.5). Therefore, it becomes crucial to understand how much the effect of discrimination on health could be explained by the mechanism impacted by sleep. The existing literature on health and perceived discrimination does not provide a clear picture of how sleep mediates the relationship between perceived discrimination and health. Moreover, even less is known about whether the mediating mechanisms change along with the characteristics of sleep.
Why can sleep serve as a mediator between perceived discrimination and health? Following the social stress perspective, discriminatory experience is a stressor and without adequate coping responses, such as reasoning with the offender or emotional distractions, perceived discrimination may be translated into feelings of being threatened, vigilance, anxiety, anger, and hostility. [14] [15] [16] These emotional reactions can further lead to biological changes (e.g., sympathetic nervous system hyperactivation) that undermine an individual's sleep quality and/or duration. 17 Should sleep deprivation or sleep interruption continue, a range of adverse health outcomes may be observed, including self-rated health 18, 19 , psychological distress, 19 depression, 20 obesity, 21, 22 hypertension, 21, 23 and cardiovascular disease, 21,24 among others. It should be noted that most of the health literature has investigated the connection between perceived discrimination and sleep and the linkage between sleep disorder (e.g., short duration and poor quality) and health, respectively, but relatively little research has established a framework centering on the mediating role of sleep between perceived discrimination and health. 13 With respect to why different characteristics of sleep may have different mediating effects between perceived discrimination and health, it has been documented that sleep duration and quality are influenced by different social, cultural, demographic, behavioral, and psychological factors. 25 One recent study in Philadelphia 26 suggested that sleep quality and sleep duration work differently by gender. Specifically, it was found that men's body mass indices (BMIs) were solely associated with sleep duration, and women's BMIs were dependent on sleep quality and unrelated to sleep duration. 26 Another review article 25 used the meta-analysis approach to understand the effects of sleep quantity and quality on type 2 diabetes and found that, in general, the effects of sleep quality (e.g., maintaining uninterrupted sleep) on the emergence of type 2 diabetes were stronger than those of sleep duration. Similarly, Moore et al. found that sleep quality was more relevant to self-rated health and psychological stress than sleep quantity, adjusting for other individual characteristics. 19 These findings suggest that when assessing sleep as a mediator between perceived discrimination and health, it should be necessary to distinguish sleep quality from sleep duration given the potential difference in their effects on health outcomes.
This study not only aims to heed the call for investigating sleep as a mediator 13 but also for understanding whether the mechanisms through sleep quality and duration operate in similar fashion between perceived discrimination and health. Specifically, drawing from the discussion above, we propose two hypotheses that will be empirically tested in this study: (a) sleep quality and duration both mediate the adverse effect of perceived discrimination on health even after controlling for other individual features, and (b) sleep quality plays a more important role in mediating the negative impact of perceived discrimination on health than does sleep quantity. 27 The PHMC survey targets all adult residents living in the Philadelphia metropolitan area with the institutionalized population excluded. It is worth noting that sleep disorder was not used as a selection criterion when the survey was administered so that the data could reflect the target population. The 2008 PHMC dataset has been found to be reliable and valid because the key socioeconomic indicators (e.g., poverty rate) and public health measures (e.g., obesity rate) drawn from the dataset were comparable with those obtained from other data sources maintained by federal agencies, such as the American Community Survey and Behavioral Risk Factor Surveillance System. 9, 26, 28 The discriminatory experience was last collected in 2008, which is the reason for using the 2008 PHMC data.
DATA AND METHODS
We measured the concept of health with three different variables, namely selfrated health, self-rated stress, and mental illness. Respondents were asked to assess their overall health using one of the following four categories: excellent, good, fair, and poor. Following the conventional practice, 29 self-rated health is dichotomized with those reporting fair and poor health being coded 1, otherwise 0. Self-rated stress is treated as a continuous variable that ranges from 1 to 10, where Bno stressŵ as coded 1 and Bextreme amount of stress^was coded 10. The subjective stress measure has been found to well reflect daily stress level 30 and to properly evaluate overall mental health status. The last dependent variable, mental illness, is a binary variable where the respondents who have been clinically diagnosed with depression or other mental health conditions were coded 1, otherwise 0. Using three different health measures will help us to more thoroughly explore whether the mediating mechanisms change in response to different dependent variables.
The 2008 PHMC survey asked respondents whether they have Bever experienced discrimination, [or] been prevented from doing something or been hassled or made to feel inferior^due to race/ethnicity or color in the context of two social institutions: health care system and housing market. Drawing from this variable, we created two dichotomous perceived discrimination variables: discrimination when getting medical care (medical care discrimination, 1=yes, 0=no) and discrimination when finding housing (housing discrimination; 1=yes, 0=no).
With respect to the characteristics of sleep, the participants were asked to rate their quality of sleep on a scale from 1 (restless) to 5 (restful) and their answers (i.e., sleep quality) were treated as a continuous measure in the mediation analysis. Sleep quantity refers to how many hours of sleep an individual gets at night and the PHMC survey explained to the respondents that the answer to this question may be different from the number of hours spent in bed to better assess sleep quantity. 27 These two measures have been adopted in previous research that explored whether sleep quality and duration mediated the relationships between income and psychological health. 19 In addition to health, perceived discrimination, and sleep variables, we also control for an individual's demographic, socioeconomic, and health-related covariates. All the control variables described below have been found to be associated with sleep. 31 In order to clarify the mechanisms between perceived discrimination and health, it is necessary to consider these variables. Specifically, the demographic variables include gender, race/ethnicity, marital status, and age. Gender was coded 1 for males and 0 for females. Race/ethnicity was categorized into five groups: non-Hispanic White, non-Hispanic Black, Hispanics, Asians, and non-Hispanic other races. Four dummy variables were included in the analysis with non-Hispanic White as the reference group. Marital status was dichotomized into Bmarried or living with a partner^and Bother statuses^, such as single, widowed, and separated. The former is coded 1 and the latter is coded 0. Each respondent's age (in years) is treated as a continuous variable.
Socioeconomic variables include poverty, employment status, educational attainment, home ownership, income, and presence of children under 18 in a household. Using the 2008 federal poverty line, those who lived below the poverty line were coded 1 in poverty, otherwise 0. There are three different employment statuses: fulltime employed, part-time employed, and other employment statuses (e.g., retired or self-employed). We used full-time employment as the reference group to generate two dummy variables in the analysis. Educational attainment has five categories (i.e., four dummy variables): less than high school (reference group), high school graduate, some college education, college graduate, and post-college degree. Home owners were coded as 1 whereas renters were coded as 0. Income is divided into 19 groups with 1 indicating less than $10,400 and 19 representing more than $250,000. Given the nature of this variable, the income coding scheme is treated as an ordinal variable. The total number of children under 18 in a household is also considered as parenthood is a potential confounder of sleep.
We further take three health-related variables into account. Health insurance is defined as whether a participant has any health insurance coverage, and those without any insurance were coded 1, otherwise 0. An individual's BMI is included in this study as BMI is related to physical activities and diet patterns. The last variable is whether a participant smokes cigarettes Bevery day or at least some days per week.^Smokers (i.e., those who answered yes) were coded 1 and non-smokers were coded 0.
Mediation Analysis Method. This study employs the method developed by Karlson, Breen, and Holm 32, 33 (KHB method hereafter) to examine whether sleep quality and quantity mediate the relationship between perceived discrimination experiences and health. In the traditional mediation analysis, the total effect of a certain variable on the outcome of interest cannot be decomposed into direct and indirect effects when using logit and probit models because the error variance in a nonlinear probability model varies across models. 32, 34 The KHB method, however, addresses this issue and can be applied to nonlinear probability models. 33 The KHB method estimates all (i.e., direct, indirect, and total) effects on the same scale and the coefficients in logit/probit models are not affected by rescaling, particularly when the total effect is decomposed into the direct and indirect effects. This merit allows researchers to compare the coefficients without any scale identification issue. It should be noted that a Monte Carlo study reported that the KHB method is not sensitive to large sample size as the likelihood of committing a type I error does not increase with the sample size or the number of tests. 35 This finding suggests that it is not necessary to adjust for the p values of the estimates.
Also, the KHB method can take potential confounding variables into consideration and these variables are not affected by the scale of coefficients either. The KHB method is able to investigate multiple mediators simultaneously because the KHB decomposition approach has been shown to maintain almost all the features of decomposing a linear model. 35 Thus, the single mediator in a model can be replaced with a vector of mediators without any added complication. 32 The additivity feature of the decomposition approach then allows users to quantify the contributions of each mediator to the total effect. The ability to handle multiple mediators remains a rare functionality in mediation analysis. The technical details and proofs are available elsewhere, 32,33,35 and we opt not to include them here. The mediation analysis was implemented in Stata 13.
RESULTS
The descriptive statistics of the variables used in this study were shown in Table 1 where the statistics specific to each perceived discrimination type were also presented. We summarized the notable findings as follows. First, overall, roughly 20 % of the respondents reported fair/poor health and almost one in five participants have been diagnosed with mental health issues (e.g., depression and anxiety). The average stress level was 5.27 with a standard deviation of 2.65, indicating that approximately 70 % of the PHMC respondents had a stress level between three and eight. More importantly, poor health was more prevalent among those reporting discriminatory experience across three health measures than their counterparts without any experience.
Second, the prevalence of discriminatory experience was higher in the health care system (6.1 %) than in the housing market (4.8 %) and almost one in ten participants had experienced racial discrimination either when getting medical care or when obtaining housing. Over half of individuals who experienced discriminatory behaviors identified as non-Hispanic Black. Somewhat surprisingly, 30 % of individuals reporting discrimination when getting medical care were non-Hispanic White, and slightly over 20 % were non-Hispanic White among those who experienced discrimination in the housing market.
Third, the average sleep quality is 3.62 on a five-unit scale and our respondents reported 6.55 h of sleep at night. The standard deviations for these two variables are 1.29 and 1.43, respectively, and these numbers are highly comparable with those reported in the literature. 19 For the overall samples, the distribution of sleep quality is slightly skewed to the right and the range of sleep hours is approximately between 3.5 and 9.5 h. In contrast to the overall samples, respondents with discrimination VIF variation inflation factor experience reported lower sleep quality (3.19 and 3.24, respectively) and shorter sleep duration (both less than 6 h). The standard deviations were also larger among respondents with discriminatory experience. These findings provided auxiliary evidence that perceived discrimination exerts an adverse impact on health outcomes and sleep has the potential to mediate this relationship.
It should be noted that we also conducted analyses, such as the chi-square test, to compare whether discriminatory experience varies by the key covariates and we found that perceived discrimination varied significantly (pG0.001) by race/ ethnicity and gender (pG0.05). We reported the variation inflation factors (VIF) in Table 1 . As a rule of thumb, a VIF greater than 10 indicates that multicollinearity exists among the independent variables. Given the fact that our largest VIF is smaller than 5, we concluded that multicollinearity should not be a concern. Table 2 presents the mediation analysis results by the types of perceived discrimination and health outcomes (after controlling for demographic, socioeconomic, and health-related covariates). Two major findings are worth noting. First and foremost, including the characteristics of sleep into the analysis significantly reduced the effects of perceived discrimination, a pattern that was observed across different types of perceived discrimination and health outcomes. Using self-rated health as an example, the magnitude of the total effect of perceived discrimination when getting medical care was 0.46 (odds ratio [OR]=1.59) when the characteristics of sleep were not included in the analysis. However, the magnitude decreased to 0.36 (i.e., direct effect; OR=1.43) when sleep quality and sleep duration were considered. The difference in the magnitude of the effect (0.11) represents the mediating impact through the characteristics of sleep and was statistically significant. That being said, over 20 % (0.106/0.464=0.228) of the total effect of perceived discrimination on self-rated health went through the sleep-related mechanisms. Similar findings were obtained for those who experienced discrimination in housing markets.
In contrast to self-rated health, the percentages of the total effects on self-rated stress and mental illness that were mediated by the characteristics of sleep were relatively smaller, ranging from 15 to 20 %. In addition, sleep quality and duration play a larger role in mediating the adverse effect of housing market discrimination on health than that of medical care discrimination because of the consistently larger mediation percentages in the former (e.g., 19.27 vs. 15.87 in self-rated stress).
Second, when assessing whether sleep quality and duration differently mediate the relationship between perceived discrimination and health, the results suggest that sleep quality is more important than sleep duration in mediating the adverse effect of perceived discrimination on health. For example, we found that more than 65 % of the mediating effect between perceived housing discrimination and self-rated stress came from the sleep quality mechanism and 35 % was attributable to the sleep duration mechanism. The findings were comparable to the relationship between medical care discrimination and self-rated stress (69.3 % via sleep quality and 30.7 % via sleep duration).
The importance of sleep quality is more profound in self-rated health and mental illness than it is in self-rated stress. Specifically, the decomposition results indicated that the mediating effects on self-rated health and self-rated stress via sleep duration were not statistically significant, suggesting that sleep quality should fully account for the mediating effect of perceived discrimination on self- rated health and mental illness, regardless of the social contexts where perceived discrimination occurred.
DISCUSSION
Our findings above directly speak to the recent call for exploring whether sleep mediates the detrimental effect of perceived discrimination on health 13 and can be used to examine the research hypotheses. We first hypothesized that sleep quality and duration both mediate the adverse effect of perceived discrimination on health and this mediation holds true even after considering other individual characteristics. We found evidence to bolster this hypothesis as sleep quality and duration were found to jointly mediate 15 to 25% of the total effect of perceived discrimination on health. Moreover, following the recent literature, 19, 25, 26 the second hypothesis stated that sleep quality plays a more important role than sleep duration and this hypothesis is substantiated by the analysis. Specifically, more than two thirds of the total mediation effect can be attributed to sleep quality and this pattern is consistent across models with different health outcomes. We summarized the percentages mediated by sleep quality and duration into Fig. 1 to illustrate the key findings.
By situating the discriminatory experience in the context of the health care system and housing market and using three health measures, we not only found evidence to support that sleep mediates the negative effect of perceived discrimination on health but also confirmed that the mediating role of sleep remains the same across different health measures and social contexts where individuals experienced discriminatory behaviors. Furthermore, the decomposition results suggested that sleep quality and sleep duration mediate the effects of perceived discrimination on health differently. The former plays a more important mediating role than the latter given that at least 80 % of the mediating effects on health were via sleep quality. This finding is similar to that reported by Moore et al. as they found that sleep quality is a more powerful predictor for mental and physical health, 19 even after controlling for individual demographics and prior health status.
As suggested by the social stress perspective, regardless of where perceived discrimination occurs, it can be regarded as a stressor 14, 15, 36 and lead to negative mood or emotional reactions, 37 which may trigger biological reactions, such as increased blood pressure 38 and nervous system hyperactivation. 17 These reactions   FIG. 1 Percentages of the total effects of perceived discrimination on health by social contexts.
may hinder one's sleep quality and duration 17 and ultimately health. 9 Little is known about how important the mediating role of sleep is between perceived discrimination and health. Our findings indicate that approximately 20 % of the total effect of perceived discrimination on health can be mediated through sleep, particularly better sleep quality. Several actions can be taken to improve sleep quality, such as music-assisted relaxation 39 exercise, 40 or diet pattern changes. 41 These activities are part of the emotion-focused coping techniques and can distract individuals with perceived discrimination. 7, 30 In contrast to that of sleep quality, the mediating role of sleep duration is less clear. More specifically, sleep duration was only found to mediate the relationship between perceived discrimination and selfrated stress. One plausible explanation is that sleep duration changes over life course and the relationship between sleep duration and health may not be linear. 42 To test that our findings are valid and reliable, we dichotomized sleep duration by coding those reporting 7 or 8 h as 1, otherwise 0, and then conducted the same mediation analyses. We found similar patterns in that sleep quality still accounts for over 75% of the mediation effect (results available upon request). The additional analyses (not shown) also suggested that without sleep quality, sleep duration could mediate roughly 7-15% of the total effect, however, when sleep quality was included, sleep duration became less important. This echoes our conclusion that sleep quality is more important than sleep duration in mediating the adverse effect of perceived discrimination on health. All these sensitivity analyses indicated that our findings reported in the result section do not change by how we measure sleep duration.
The analytic framework of this study assumes that perceived discrimination is the root cause of poor sleep quality/duration and health (Fig. 2a) . It is also possible that perceived discrimination serves as the mediator between sleep and health (Fig. 2b, c) . We examined the two frameworks with the same data and methods and found that the mechanisms in Fig. 2b , c can only account for 2~7 % of the total effects (detailed results are not shown but available upon request). In other words, while it is statistically possible that perceived discrimination can serve as the mediator, this argument carries little substantive implication in contrast to our framework where sleep quality and duration mediate approximately 20 % of the adverse impact of perceived discrimination on health. More importantly, this study is driven by the social stress theory 7 and the recommendation of a recent review article. 13 To justify Fig. 2b , c, it may be necessary to consider a different set of literature or theoretical arguments and this is beyond the scope of this study.
This study has several limitations. First, while it has been argued that the mediation analysis approach of this study can be used to draw causal relationships, 43 the cross-sectional nature of our data makes it impossible to determine the causal relationships among perceived discrimination, sleep, and health. While we examined two other alternative models to show that the analytic framework of this study may be better (see the previous paragraph), longitudinal data are still needed to clarify the causal relationships. Second, the characteristics of sleep and discrimination are both subjective. Though subjective measures may be more appropriate for stress-related research, 30 future efforts are warranted to adopt objective sleep and/or discrimination measures. Third, it should be cautioned against generalizing our findings to other areas or populations as the PHMC data only reflect the population in the Philadelphia metropolitan area.
CONCLUSIONS
This study contributes to the literature by (a) confirming the role of sleep between perceived discrimination and three health outcomes, namely self-rated health, selfrated stress, and mental illness; (b) suggesting that sleep quality outweighs sleep duration in terms of mediating the pernicious effect of perceived discrimination on health; and (c) quantifying the sleep-related mechanisms that were found to account for roughly 20 % of the total effect of perceived discrimination on health. To our knowledge, our research framework is among the first to center on sleep in extensively examining whether sleep mediates the relationship between perceived discrimination (in different contexts) and health.
